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I 

INTRODUCTION 

The following experiments were undertaken with the object of study- 
ing the surface properties and ionization of adsorbed proteins in alco- 
hol-water mixtures? When the charge on the protein as measured 
by titration curves is compared with the surface charge on the ad- 
sorbed protein as measured by the mobilities of protein-covered 
quartz particles, there is obtained information about the effect of the 
medium on the dissociation of the protein, the orientation of polar 
groups, and the relationship between charge and electrophoretic mo- 
bility. 

Gelatin was used because it has been shown (1) that under the con- 
ditions maintained here, mobilities of gelatin and of deaminized 
gelatin (both adsorbed onto quartz) are in the same ratio as the re- 
spective amounts of acid (base) bound. This means that in aqueous 
media gelatin obeys the rule (1) that in solutions of the same ionic 
strength the electrophoretic mobility of the same protein at different 
hydrogen ion activities should be proportional to the number of hy- 
drogen or hydroxyl ions bound by each molecule. I t  should be noted 
that this rule can apply to the adsorbed gelatin only if the active 
(dissociating) groups are free, that is oriented toward the liquid. 
Further, the rule will apply only if the protein salt is equally disso- 
ciated over the range of hydrogen ion activity considered. 

1 It  has been shown that in general the mobilities of freely dispersed proteins 
are equal to the mobilities of particles coated with the same proteins. 
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The  rule just  s ta ted results from the D eb y e -H en ry  approximation 
(equation (8), reference (1)), 

(2 = 6 ~n r v~ (~r + 1), (1) 

where vm = electrophoretic mobil i ty = g / sec . /vo l t / cm. ,  r = radius, 

i / 4  ~r d Q = charge, n = viscosity, ~ = "V ~ z ,~,~,'. For  a given molecule 

in a given medium this becomes Q = vm (C' + C") ,  (equation (Sa), 
reference (1)). Bu t  when the medium is al tered (keeping the ionic 
s trength constant) ,  Q becomes a function of vm, n, and D. This 
provides a test  of the question whether  in equat ion (1) the viscosity 
and the dielectric constant  of the medium can be used to predict  
changes in Q. Since the medium was al tered by  the addit ion of e thyl  
alcohol it  was not  possible to va ry  the viscosity and the dielectric 
constant  independently,  bu t  the combined effect was readily in- 
vestigated. 

The  main par t  of the work was the s tudy of the mobilities of gelatin 
in 35 per cent and in 60 per cent ethyl  alcohol for comparison with 
each other  and with t i t ra t ion curves in like concentrations of alcohol. 
In  connection with this a shift of the isoelectric point  of gelatin in the 
presence of e thyl  alcohol was found and this shift was studied. Bu t  
before any  mobil i ty  measurements  could be made it was necessary to 
s tudy  the change in electrophoretic velocity with change in field 
s trength in alcohol solutions. 

II 

Methods 

The pH measurements of solutions of alcohols other than ethyl alcohol were 
made with a hydrogen electrode referred to the pI-I of N/10 I-IC1 as 1.07. The 
remaining pI-I measurements were made with a quinhydrone electrode. This 
can be used for ethyl alcohol since no reaction occurs between qulnhydrone and 
alcohol-water, but a correction is necessary 2 (2). The accuracy of the time meas- 
urements in electrophoresis obtained here is such that the average deviation is 

2 The quinhydrone electrode was tested against a hydrogen electrode in a num- 
ber of ethyl alcohol solutions; the two agreed to better than 0.05 pH. 

The titration of gelatin in alcohol was checked with the glass electrode. The 
writer is indebted to Prof. Hans Clarke for permission to use the facilities of his 
laboratory. 



IANET DANIEL 459 

usually less than 5 per cent. Exceptions occur when very low velocities are meas- 
ured either very near the top or the bottom of the cell, or when a very low voltage 
is used. All other errors were well within these limits. The temperatures at 
which the experiments were done were always recorded, but the variations from 
20 ° were not sufficient to make worth while corrections for temperature, except 
of course in the pH determinations. 

The mobility measurements were made in the modified Northrop and Kunitz 
microelectrophoresis cell described by Abramson (3). The theory of yon Smolu- 
chowski (4) was followed. The field strength was found from the cross-section of 
the cell, the current flowing, and the conductivity of the solution, as follows: 

Current in amperes = volts/era. = X. 
Sp. conductance X cross section in cm) 

The suspensions were made up in the following order: quartz, protein solution 
(in the case of gelatin sufficient to make one part in a thousand), acid or buffer, 
alcohol and water. Cooper's gelatin was used. The expression "per cent alcohol" 
is used to mean ml. of alcohol per 100 ml. of solution. The quartz used was a 
carefully purified suspension. The gelatin solutions were made by heating, but 
never above approximately 40 ° (5), to get rid of the air bubbles formed on mixing 
alcohol with water, and then cooled to room temperature. 

The dielectric constants used are those given by Wyman (6) for pure alcohol- 
water mixtures, uncorrected for the salt and protein. The solutions contained 
one part in a thousand of gelatin; since 5 gin. of gelatin per 100 gin. of mixture lower 
the dielectric constant from 81 to 68 (7), the error here is negligible. 

I I I  

Electrophoretic Velocity and Field Strength 

T he  charac te r i za t ion  of  par t ic les  b y  the  m e a s u r e m e n t  of mobil i t ies  

depends  on  the  exper imenta l  fac t  t h a t  e lec t rophore t ic  ve loc i ty  is p ro-  

por t iona l  to  the  field s t rength .  Theore t ica l ly ,  the  r igh t  h a n d  side of 

the  equa t ion  for  the  m o b i l i t y  of  a smal l  pa r t i c le  (10), 

v D t  
v,~ = - - -  ( 2 )  

X 6 ?rq' 

(where v = e lec t rophore t ic  veloci ty ,  ~" = e lec t rokinet ic  po ten t ia l ,  

X = field s t reng th) ,  is c o n s t a n t  when  X is var ied.  I f  this  were n o t  so 
exper imenta l ly  the  mob i l i t y  would  have  to  be m e a s u r e d  as a func t ion  

of  one or  m o r e  var iables  and  the  in t e rp re t a t ion  would  be g r ea t l y  com-  
pl icated.  T h e  l inear  re la t ionship  has  been found  genera l ly  (11), wi th  

few exceptions.  
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Recently, however, the results of Ettisch and Zwanzig (12) and of 
Martin and Gortner (13) have suggested that in alcoholic solutions 

is a function of the velocity, while Ktihler (14) has found that in non- 
alcoholic solutions the volume outflow in electroosmosis is not pro- 
portional to the field strength. Ettisch and Zwanzig studied stream- 
ing potentials. They used very dilute sodium chloride solutions and 
found that with the pure solution ~- was independent of pressure, but 
that in the presence of methyl alcohol ~- increased with increasing 
pressure. For equal pressures and varying alcohol concentration ~" 
went through a minimum. Propyl alcohol at high concentrations 
even reversed ~-. K6hler used a palmitic acid diaphragm and meas- 
ured the rate of outflow of electrolyte solutions under the influence of 
varying current. In none of these cases is there any definite inde- 
pendent proof of laminar flow. 

Traube and Whang (15) and Traube and Dannenberg (16) showed 
that  water flowing through a glass capillary coated with a polar sub- 
stance (such as a fat ty acid) flowed much faster than through the 
uncoated tube, when the angle at which the tube was tipped was small 
(about 3 °) ; that is, when the pressure was low. Also the outflow speed 
of water solutions of surface active substances such as alcohols was 
greater than for pure water flowing through the same capillary, but 
again at a small angle only. At a greater angle (under greater pres- 
sure) both effects disappeared. 

Because of these recent suggestions that v/X may not always be 
constant and because of the flow anomalies (15) at low velocity gradi- 
ents, it was considered necessary to demonstrate that under our con- 
ditions v/X is constant. 

As can be seen from Figs. 1 and 2, the field strength in these ex- 
periments with protein-covered 3 quartz particles in various alco- 
hol-water mixtures was varied from 2 to 20-fold. I t  is definitely 
shown that for field strengths of the order of magnitude of those used in 
the experiment, the mobility of these proteins when adsorbed on 
quartz in these alcohols is not a function of the field strength. 

3 By suitable experiment it was demonstrated that gliadin is adsorbed by 
quartz, forming a complete film. 
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20 / ~  Alcohol ÷ acetate b~e¢, 
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FIG. I. The electrophoretic velocities of quartz particles coated with various 
proteins in various alcohols are plotted against the field strength. For each pro- 
tein in a given medium the velocity is proportional to the field strength. 
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FzG. 2. The electrophoretic velocities of gelatin-covered quartz particles in 
media containing various percentages of ethyl alcohol are plotted against the field 
strength. In each medium the velocity is proportional to the field strength. 
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I V  

Electrophoresis and Electroosmosis 

I t  has previously been found that  inert particles covered with pro- 
teins have, in general, mobilities independent of the bulk radius of 
curvature of the particle (8). That is, the same electric mobility is 
obtained in aqueous media whether the inert particle is microscopic 
in size or is very large. That this is also true for protein surfaces in 
alcohols has been found here by studying the ratio of electrophoretic 
to electroosmotic mobility. Fig. 3 is for gelatin surfaces in 40 per 

o 
0 

.-4 

0c 

I ~, l t t 
' 2 0.4 0.5 0.8 !" 

~Depth in cell 

- la~X4~.c. 

f i e ta t in  in 40 p ~  c ~ t  
ethyl atcohol 

FIG. 3. The relative velocities of gelatin-coated quartz particles in 40 per cent 
ethyl alcohol at different depths in the electrophoresis cell are plotted against 
depth in the cell. The full line is the parabola y = - 30.4 x 2 + 30.4 x. The 
fact that the points fall on a parabola going through the origin is evidence of the 
equality of the electrophoretic and electroosrnotic velocities. 

cent ethyl alcohol. Similar results were obtained in several trials 
with gliadin. The dotted line is the curve on which the points should 
fall according to the theory of I)ebye (9), according to which electro- 
phoretic and electroosmotic mobilities are not equal. Evidently, 
however, the electrophoretic and electroosmotic mobilities are equal, 
and in the experiments to be discussed the size of the quartz particles 
used does not influence the mobilities obtained. 
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V 

Electric Mobilities of Gelatin in Alcohol-Water Mixtures 

Fig. 4 shows the mobflities of gelatin-coated quartz particles in 
N/150 sodium acetate buffer in 0 per cent, 35 per cent, and 60 per cent 
ethyl alcohol. I t  is clear that alcohol shifts the isoelectric point of the 
gelatin toward smaller hydrogen ion activities. I t  is also obvious 
that alcohol lowers very greatly the maximum mobilities. This lower- 
ing combined with the shift in isoelectric point causes the curves to 
intersect. 

° Gelatin in ace~,e bu~e~i 
| o Gelatin in acetate bu~e~ 

19 [- ~ ,  and 35 pet, cent alcohol 
n . L  " \  • Gelatin in acetate buffer 

. 

0.4 
o. F . "-  

| I I ) I I 
3.00 4.00 600 ~00 

FIG. 4. The electrophoretic mobility of gelatin-covered quartz particles is 
plotted against the pH of the medium for media containing different percentages 
of ethyl alcohol. In the more acid regions NaC1-HC1 mixtures were used in 
place of the acetate buffers. 

The lowering of the mobilities by alcohol is not a simple phe- 
nomenon. Alcohol changes both the dielectric constant and the vis- 
cosity of the medium and may also be expected to alter the electro- 
kinetic potential. According to equation (2) each of these three 
changes will alter the mobilities. 

Further corrections for these changes are not entirely straightfor- 
ward. The question has frequently been raised (17) whether the dielec- 
tric constant and viscosity of the medium or the quite different values 
which might be expected to obtain within the double layer should be 
substituted in equation (2). Here values for the medium in bulk will 
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be used. In the following section it will be possible to show that these 
values of D and n can be used in combination to predict changes in 
charge from mobilities. 

At this point those differences in the mobilities which were due to 
altered viscosity were eliminated by calculating a quantity called here 
corrected mobility; 

corrected mobility = v,,, n / n o ,  

where no = viscosity of pure water. This quantity has the significance 
that the differences between curves of corrected mobilities should be 
due to changes in the dielectric constant alone, the values being in 

TABLE I 

0 per cent 
alcohol 

0.20 
0.40 
0.60 
0.80 

Vm 

35 per cent 

0.08 
0.15 
0.21 
0.25 

60 per cent 

0.06 
0.10 
0.15 
0.19 

0 per cent 

0.20 
0.40 
0.60 
0.80 

35 per cent 

0.20 
0.40 
0.54 
0.67 

60 per cent 

0.16 
0.30 
0.42 
0.54 

The figures in each horizontal row are for pH's  of equal charge as determined by 
the t i tration curves. 

some ways more representative of the effect of the alcohol itself 
on vm. 

As mentioned previously, the data in Fig. 4 give the mobilities 
uncorrected for n- I t  would involve too many complications to dis- 
cuss the change in v~ n/no except near the isoelectric point, where 
the curves are nearly linear over a small distance. In Table I there 
are compared values obtained from smoothed curves of v~ and v~ n/no 
for equal charge (as determined by the amount of acid bound). The 
large differences in r~ disappear almost completely when the correc- 
tion for n is applied, only a slight decrease taking place as the alcohol 
concentration increases. This result is similar to Walden's results 
for ions (18). 
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V I  

Mobilities and Titration Curves 

Before proceeding to a comparison of titration and mobility curves 
in solutions of different dielectric constant, the rule following from 
equation (1) was tested in 35 per cent alcohol and again tested in 60 
per cent alcohol. If 7, r, and K are constant it follows from equation 
(1) that Q x v.~ and also that Q ~ corrected mobility. In any one 
concentration of alcohol and at constant ionic strength 7, r (19), and 

0.0 

fi¢latin in ~6 pee cent alcohol 
Nobilitg x~/~ in acetate b u ~  • 

~oo 4o0 6.00 

FIo. 5. The circles represent the corrected mobility (as this is defined in the 
text) of gelatin-covered quartz particles in 35 per cent ethyl alcohol from pH 2.5 to 
pH 6.00. The full line is the titration curve of gelatin in 35 per cent alcohol. 
The arrangement of the scale of the titration curve is explained in the text. 

will be constant. Since on the assumptions (1) underlying the rule 
given in Section I, Q is the number of hydrogen or hydroxyl ions 
bound by a molecule, Q is proportional to the tools of acid (base) bound 
by a gram of gelatin and is represented by the titration curve. Thus 
acid bound and corrected mobility will be proportional to one another 
if the rule is obeyed. 

The titration curves were constructed on the assumption that  no 
acid or base is bound at the isoelectric point. Fig. 5 shows v,, n/To 
in 35 per cent alcohol plotted with the titration curve in 35 per cent 
alcohol in such a way that the two curves coincide at two points. 
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That  is, the scales are arranged so that  the two curves correspond at 
pH 4.30 as well as at the isoelectric point. Fig. 6 shows v,~ n/no 
and titration curve in 60 per cent alcohol similarly arranged with pH 
2.94 chosen for correspondence. Figs. 5 and 6 show that  in each 
medium considered separately the mobility is proportional to the com- 
bining power, and hence presumably to the charge, in 60 per cent 
alcohol and up to pH 4.0 in 35 per cent. The discrepancy of about 30 
per cent in the very acid region in 35 per cent alcohol may be due to 
the fact that the mobilities were determined in solutions of constant, 
the titration curves of varying, ionic strength. As a result of the as- 

G~latin in 50 pe~ cent atcohol 
Eobility x~/7]oin acetate bailer • 

~Iobility in HCi-NaCI 0 

1.0ff+0.2 , ~~on, , .. c~v~ -- 

0.0 8.00 4.00 5.00 
pH • 

FIG, 6. Thecircles represent the corrected mobility (as this is defined in the text) 
of gelatin-covered quartz particles in 60 per cent ethyl alcohol. The full line is 
the titration curve of gelatin in 60 per cent ethyl alcohol. The arrangement of 
the scale of the titration curve is explained in the text. 

sumptions underlying the rule given in Section I the proportionality 
makes it possible to conclude that in alcohol-water mixtures as well as 
in the previously investigated water solutions gelatin is adsorbed with 
the polar groups oriented toward the liquid. I t  is interesting that in 
60 per cent alcohol the portions of both the mobility and the titration 
curves which lie near the isoelectric point were determined with partly 
or completely precipitated gelatin, yet both curves are smooth. 
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V I I  

Electric Mobility, Titration Curve, and Charge 

By comparing the mobilities in the different media (differing in 
dielectric constant and viscosity) it is possible to test to some extent 
the applicability of the viscosity and the dielectric constant of the 
bulk of the medium to the electrophoresis equation for charge, equa- 
tion (1). The simplest means of doing this is to calculate charge from 
mobility by means of equation (1), using the viscosity and dielectric 
constant of the bulk of the medium. If now the acid bound (measured 
directly), which on the assumptions referred to above is proportional 
to the charge on the protein, is, in different media, in the same ratio 
as the charge calculated from the mobility by equation (1), then 
within the limits of the experimental error equation (1) may be used 
to predict changes in charge, using the viscosity and dielectric con- 
stant of the bulk of the medium. 

In the calculation of the charge from equation (1) certain complica- 
tions arise. The use of the factor 6~r in equation (2) is based on the 
fact that the mobilities of certain dispersed proteins and of protein- 
covered particles have been found to be equal (17). Under these cir- 
cumstances the radius to be used will be not that of the quartz par- 
ticle but that of the protein molecule. For gelatin 2 × 10- ~ cm. was 
used, from the molecular weight (20). However, had 1 X 10 -7 cm. 
or 3 × 10- 7 cm. been used, the final conclusions would not have been 
noticeably different, although the absolute values of the charges would 
have been altogether different. 

Fig. 7 shows the agreement between Q from equation (1) and titra- 
tion curves in the middle pH region for 0 per cent alcohol and 35 per 
cent. This graph was made by drawing the 0 per cent alcohol titra- 
tion curve and charge points to scales which made them coincide and 
then drawing the 35 per cent titration curve and charge points to the 
same scales. All the charge points calculated from mobilities de- 
termined in acetate buffer fall very well onto the titration curve. The 
charge points calculated from mobilities determined in NaC1-HCI do 
not agree so well. The first of these points is shown in Fig. 7. This 
point indicates the general divergence from theory. That there should 
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be irregularities connected with the change from acetate buffer to a 
NaC1-HC1 mixture is not  surprising, since the ionic type as well as 
the valence does exert an influence (21). 

For  the more acid regions of the 35 per cent curve, as just  pointed 
out, and for the 60 per cent curve, the agreement is less complete 
(Fig. 8). Because of slight disagreement between theory and experi- 
ment  except under optimal conditions with 35 per cent alcohol and 
acetate buffers (Fig. 7), all of the da ta  for acetate buffers and NaC1- 
HC1 mixtures from pH 2 to pH 7 have been plotted as in Fig. 8, 

10 

0.0 

-0.~ 

[Gelatin in acetate bul[e~ • 
Char~/¢~zlatin in acetate 1~e~ o 

from ~ and ,~ pep cent aleoh'61 
• ~ mobility[ fi~latin in IICI-NaCI • 

, ....#. 

Fro. 7. The full circles show the charge of gelatin calculated from the mobility 
of gelatin-covered quartz particles in acetate buffer. The open circles show the 
charge calculated from the mobility in acetate buffer and 35 per cent ethyl alcohol. 
The lines are titration curves of gelatin in 0 per cent and in 35 per cent ethyl alco- 
hol. The figure is limited to a range fairly close to the isoelectric point. 

t i t rat ion curves in the upper half, mobil i ty curves in the lower. The 
t i t rat ion curves of gelatin in 0 per cent and 35 per cent alcohol have 
been compared from pH 2 to pH 10. The curves are very much of 
the same shape, the isoelectric point being shifted to a higher pH, the 
curves converging at  the limits. Gelatin, therefore, becomes a weaker 
acid in alcohol. 

The disagreement in the more acid region of the 35 per cent charge 
and t i t rat ion curves when plotted to the same scales as the 0 per cent 
curves is probably due to several causes. First  is the previouslymen- 
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tioned shift from acetate buffer to NaC1-HC1 solution. Second is the 
fact that  since the mutual action of the ions may be greater in the acid 
range, it is likely to be even more so in alcohol in the acid range. This 
would lead to the charge calculated from the mobilities being in the 
very acid region too low for the titration curve arranged as previously 
explained, and this seems to be the case. 

~ SG 

S ~  

4.00 bOO 600 -'~'* 
pH 

• 0 pel, cent atcohol 
o 35 pe~ cent atcoho! 
o 60 pe~, ce~ atcoho! 

FIG. 8. The upper curves are titration curves of gelatin in 0 per cent, 35 per cent, 
and 60 per cent ethyl alcohol. The lower curves are the charge curves calculated 
from the mobility of gelatin-covered quartz particles in 0 per cent, 35 per cent, 
and 60 per cent ethyl alcohol, the circles being experimental points. 

Dehydration by the alcohol probably affects chiefly the results in 60 
per cent alcohol (22-24). This conclusion is consistent with the fact 
that  going from 0 per cent alcohol to 35 per cent, acid bound and charge 
calculated from mobility are proportional, while the proportionality 
does not extent to the gelatin in 60 per cent alcohol. 

However, the agreement with theory in the case of the change from 
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0 per cent to 35 per cent alcohol points to the complete ionization of 
the protein salt in alcoholic solutions in the neighborhood of the 
isoelectric point (since it is completely ionized in aqueous solutions), 
and to the applicability of the ordinary dielectric constant and vis- 
cosity, and the usefulness of the Debye-Henry equation, in the predic- 
tion of changes of charge. 

VIII 

Isoelectric Point 

The isoelectric point of the gelatin-covered particles was taken by 
interpolation from the smoothed pH mobility curves or determined 
from experiments arranged to show no motion in the electric field. 
In the presence of alcohol the isoelectric point of particles covered 
with gelatin films was found to be shifted toward smaller hydrogen 
ion activities as shown in Fig. 9. The shift is related apparently 
linearly to the volumes per cent of alcohol in the solution and also 
linearly to the dielectric constant (neglecting the salt) of the solution. 
The form of the relationship will be discussed later. The direction 
and order of magnitude of the shift must first be accounted for. 

Michaelis and Mizutani (25) measured the pH of a very dilute mix- 
ture of equivalent amounts of amino acid and the sodium salt of the 
amino acid in alcohol solution (at various concentrations of alcohol). 
The hydrogen ion activity (referred to the normal hydrogen electrode 
in pure water and neglecting liquid junction potentials) of this solution 
they called k2. The constant similarly measured in acid solution they 
called kl. Making the assumption that the ratio of the activity coef- 
ficients of the protein anion and cation remains constant for any one 
concentration of alcohol, it follows that the hydrogen ion activity of 
the isoelectric point is X/k1 k2. Then, 

pH of the isoelectric point = --1/2 log klk, = 1/2 pkt + 1/2 pk2, 

and 

A pH of the isoelectric point in going from one alcohol concentration to another 

1/2 A pkl + 1/2 A pk,. 

Of course gelatin is not monobasic monoacidic, nor are its first acidic 
and basic constants exactly equal to those of glycocoll. Nevertheless 
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since Michaelis and his coworkers found the  effects of alcohol on vari- 
ous organic acids to be much  the same, it  is possible to es t imate  f rom 

"~- 1.0 
O 

t~ 

.$ O.5 

0- 
<; 

/ 
-S 
• 20 40 50 

Volume~ i~z~cent ethyt ~dcohot 

• ~ I I /  

I;" 
<3 ,.IIC I I I I 

7() GO ,.~ 40 

FIG. 9. Above, the change in pH of the isoelectric point of gelatin, caused by 
ethyl alcohol, is plotted against the volumes per cent alcohol in the solution. Be- 
low, the same data are replotted as change in pH of the isoelectric point against 
dielectric constant of the solution. 

the glycocoll results at  least the direction and order  of magni tude  of 
the change to be expected in the case of gelatin. 

A pH = 1/2 A pkl + 1/2 A pk= = (for glycocoll going from 0 per cent to 60 per cent 
alcohol) 0A2. 
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This is in the same direction and is of the same order of magnitude as 
the shift of 1.1 found experimentally for gelatin. Using the values for 
para-aminobenzoic acid 

A p H  (from 4 per cent  to 60 per cent)  = 0.93. 

The form of the shift, which is linear with the dielectric constant, 
is interesting. Abramson 4 has found that  if the isoelectric points in 
alcohol solutions are calculated from the dissociation constants ob- 
tained by Michaelis and Mizutani for a number of amino acids, the 
isoelectric point is in each case linearly related by a limiting law to the 
dielectric constant of the medium (if the salt is neglected). This is 
true both for glycocoll and for the aminobenzoic acids. The fact that  
similar changes are produced by alcohol for gelatin and for simple 
ampholytes is in harmony with our present notions of the simple am- 
photeric behavior of proteins. 

SU'MIIARY 

1. The electrophoretic velocities of gelatin-, egg-albumin-, and gila- 
din-covered quartz particles in various alcohol-water solutions are, 
within the limits employed in usual experimental procedures, propor- 
tional to the field strength. 

2. The electrophoretic mobilities of small, irregularly shaped quartz 
particles covered with an adsorbed film of protein in alcohol-water 
solutions are equal to the electroosmotic mobilities of the liquid past 
similarly coated flat surfaces. Hence the size and shape of such par- 
ticles does not influence their mobilities, which depend entirely on the 
protein film. 

3. The corrected mobility and hence presumably the charge of gela- 
tin-covered quartz particles in solutions containing 35 per cent ethyl 
alcohol is proportional to the combining power of the gelatin; therefore 
the gelatin is adsorbed with the active groups oriented toward the 
liquid. The same is true in 60 per cent alcohol. 

4. The charge calculated by means of the I)ebye-Henry approxima- 
tion from the mobility of gelatin in solutions containing up to 35 per 
cent ethyl alcohol is, in the neighborhood of the isoelectric point, pro- 

4 Work not yet published. 
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portional to the combining power of the gelatin. Therefore the dielec- 
tric constant and the viscosity of the bulk of the medium may be used 
in the Debye-Henry approximation 

Q= 6~r~r~.(l +~r) 

to predict changes in charge from mobility. 
5. In the neighborhood of the isoelectric point gelatin is probably 

completely ionized in buffered ethyl alcohol-water mixtures up to 60 
per cent alcohol. 

6. In the presence of ethyl alcohol the isoelectric point of gelatin is 
shifted toward smaller hydrogen ion activities. This shift, like that 
caused by alcohol in the isoelectric points of certain amino acids, is 
approximately linearly related to the dielectric constant of the medium. 

The writer is greatly indebted to Dr. Harold A. Abramson, who 
suggested this work and under whose direction it was carried out. 
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